responses in controls, as well as in infected mice. However, CD4 + Thy-1 + T cells were also strikingly altered, suggesting that the loss of membrane Thy-1 could be associated with, but not directly responsible for abnormalities of calcium responses in CD4 + T cells from RadLV-Rsinfected mice.
Introduction
Murine acquired immunodeficiency syndrome (MAIDS) is caused by a mixture of retroviruses known as RadLV-Rs (1, 2) or LP-BM5 (3) murine leukemia virus (MuLV). MAIDS is associated with hypergammaglobulinemia, lymphoproliferative disease, and a severe impairment of both B and T cell responses to mitogenic and specific antigenic stimuli (4, 5) . Responses of CD4 + T cells are greatly impaired 3-4 weeks after infection, while the inhibition of CD8 + T cells occurs later in the course of the disease. The responses of B cells in MAIDS have been carefully studied by several authors. Mosier et al. showed abolished proliferative responses to lipopolysaccharide (LPS) and anti-n antibodies at week 4 post-infection (4) . Surprisingly, the response to anti-n but not to LPS was slightly increased at week 1 post-infection. The secretion of antibodies in response to T-independent antigens (TNP-LPS) was also strikingly decreased (4) .
Little is known regarding the mechanisms responsible for the anergy of lymphocytes in MAIDS. Both CD4 + and CD8 + T cells from infected animals display an abolished calcium mobilization upon stimulation with anti-CD3 mAb or concanavalin A (Con A) (6) . Moreover, both subsets present an elevated baseline [Ca 2+ ]j. This suggests that T cells from infected mice present an early defect in signal transduction possibly in relation with an abnormal function of protein tyrosine kinases (PTK). In this regard, it is interesting to note that a subset of CD4 + T cells lacking Thy-1 (a membrane glycoprotein closely associated with p59^" PTK) is expanded in the lymphoid organs of infected mice (7, 8) . Since the defective virus infects mostly B cells and not T cells (9) , it would be of interest to determine if the mechanisms responsible for functional anergy are similar in both subsets. Selvey et al. recently demonstrated that B cells from infected mice have impaired calcium fluxes in response to anti-jx antibodies or LPS stimulation (10) . However, the latter study was not designed to compare the extent or the nature of the abnormalities in the different cell subsets of the infected mice. We sequentially analyzed intracellular calcium levels in the course of RadLV-Rs infection. In addition to baseline unstimulated calcium levels, the analysis focused on calcium mobilization in response to membrane receptor-dependent (such as Con A, anti-CD3 and anti-IgM antibodies) and receptor-independent stimuli (ionophores and thapsigargin). Con A induces calcium fluxes in T cells as well as in B cells. Therefore this lectin allowed us to compare the responses of both cell subsets from infected mice with the same stimulus. In addition to this comparison, calcium fluxes were respectively analyzed in CD4 + Thy-1 + and CD4 + Thy-1" T cells in view of the association of Thy-1 with PTK. An improved FACS analysis protocol was defined using the calcium probe Fluo-3 (11) in conjunction with three mAb directed against CD4, CD8 and Thy-1 antigens (12) .
Methods

Mice and cell suspensions
Male C57BI/Ka (H-2 b ) mice were bred in our facility. Mice were injected twice i.p. at the age of 4 and 5 weeks with 0.25 ml RadLV-Rs Duplan MuLV stock solution. Aged-matched control mice were injected twice with 0.25 ml saline. After different time intervals (first injection = time 0), mice were sacrificed with CO 2 asphyxiation. Lymph nodes (LN) (inguinal, axillary and cervical) were removed. Single cell suspensions of LN were prepared with a fitting glass homogenizer, passed through a nylon cell strainer, washed three times and counted on a Thoma hematocytometer.
Virus
Extracts were prepared from the LN and spleen of three mice injected 2 months earlier with RadLV-Rs extract 64 kindly provided by E. Legrand (INSERM 117, Bordeaux, France) (1, 2) . Lymphoid organs were ground in PBS and centrifuged 30 min at 1.5x10" g. This cell-free supernatant constituted the extract. It was injected immediately into mice or stored in liquid nitrogen. XC plaque assay (13) was used to measure virus titer. The virus preparation contained 1.0X10 3 p.f.u. of ecotopic virus/ml.
Antibodies
The following mAb were used: phycoerythrin (PE)-conjugated anti CD4 (YTS. 191.1; Sanbio, Am Volen, The Netherlands), biotinylated anti-CD8 (53-6-7; PharMingen, ITK Diagnostics, Uithorn, The Netherlands) and allophycocyanin (APC)-labeled anti-Thy-1.2 (5a-8; Sanbio). Peridinin chlorophyl-a protein complex (PerCP)-labeled streptavidin (SA) (PerCP-SA; Becton Dickinson, Erembodegem, Belgium) was used as a second step to reveal biotinylated anti-CD8. In independent two-color experiments, biotinylated anti-B220 (6B2) revealed by PE-labeled streptavidin (Becton Dickinson) was used to analyze calcium fluxes in Fluo-3 loaded B cells.
Preparation of Fluo-3 loaded cells
Cells at 10 7 /ml were incubated for 20 min with 3 nl of 20% w/v stock solution of Pluronic F-127 (Molecular Probes, ). The thin-line histogram represents Fluo-3 intensity under baseline conditions. Baseline percentile 95 (P95 base | ine ) is determined using the FACS software. The bold-line histogram represents Fluo-3 intensity of the same cell population after stimulation. The percentage of cells which reach, after stimulation, a Fluo-3 intensity higher than this P95t, a seiine is defined as % stim. In this example, LN cells from a control mouse are stimulated with ionophore A23187 (10 u.M).
Eugene, OR) and in a second step with 2 |iM of Fluo-3/AM (Molecular Probes) in HBSS alone (without. FCS). They were kept in the dark at room temperature. The cells were diluted 1/5 (2x10 6 cells/ml) with HBSS containing 1% FCS and then incubated again for 40 min in a 37.5°C water bath.
Triple immunostaining of Fluo-3 loaded cells
Fluo-3 loaded cells were washed three times in HBSS containing 1% FCS and incubated for. : 20 min at 4°C with appropriate concentrations of anti-Thy-1.2-APC, anti-CD4-PE and biotinylated anti-CD8 mAb. |n a second incubation PerCP-SA was added to reveal the biotinylated anti-CD8 mAb. The cells were then washed three times in HBSS/1% FCS and diluted to 1 x 10 6 cells/ml with HEPES-buffered saline. The cells were placed in a water bath at 37.5°C for -15 min before flow cytometry.
Flow cytometry
Analysis were performed by using a FACStar-plus flow cell sorter with the Lysys II software (Becton Dickinson). Calibration of the cytometer was performed daily by using typical forward scatter and autof luorescence signals generated by glutaraldehyde-fixed chicken red blood cells. The forward and side scatters were used to gate viable lymphocytes. For four-color analysis of Fluo-3 (green), PE (orange) and PerCP (red) fluorescences, blue excitation at 488 nm was provided by an argon ion laser (Air-to-Water cooled model Spinnaker 1161; Spectra Physics, Mountain View, CA). For the APC (far red) fluorescence, red excitation at 647 nm was provided by a krypton ion laser (Water cooled model 164-01; Spectra Physics). Green fluorescence of Fluo-3 was detected at 530 nm (FL-1), PE fluorescence was detected at 575 nm (FL-2), PerCP fluorescence was detected at 675 nm (FL-3) and APC fluorescence was measured at 670 nm (FL-4). Cross-over of FL-1 fluorescence into FL-2 and FL-3 detection windows was compensated for by analog subtraction at the Fluo-3 fluorescence intensity using the formula described by Kaoefa/. (14) [Ca 2+1. =
F-F r min
where [Ca 2+ ]j is the intracellular ionized calcium concentration, K d is 400 nM, Fis the experimental Fluo-3 fluorescence intensity, and F min and F max are defined as described above.
As shown in Results, the response to ionophores was strongly inhibited in the infected mice and a reliable value of F max could not be obtained with A23187 in these animals. Therefore, [Ca 2+ ]j were calculated in controls and in infected mice by using F max and F min from the equivalent lymphocyte subsets of control animals. In each experiment, the Fluo-3 loaded cells were analyzed to obtain an unstimulated baseline. Between 2X10 4 and 8X10 4 cells were then analyzed after the addition of Con A (Boehringer, 12.5 ng/ml), anti-CD3 (2C11, Hamster IgG) (5 |xg/ml) and anti-IgM (ITK Diagnostics; Uithorn, The Netherlands; goat anti-mouse affinity purified antisera, n chain specific, 7 ng/ml) at a rate of 500-800 cells/s. In some experiments, the response to ionomycin (10 u.M), ionophore A23187 (10 uM) and thapsigargin (1 nM) was specifically studied. Since the gated subsets were quantitatively different, the number of events shown in the gated dotplots was different for each subset. Nevertheless, in all cases, at least 5000 events were analyzed in each gate. More technical details of four-color flow cytometry using Fluo-3 and triple immunofluorescence will be given elsewhere (12) .
Response indexes
In order to compare the results from control and infected mice, a calcium response index (CRI) was calculated according to Makino et al. (6) . It is defined as:
], baseline. This index does not allow the evaluation of [Ca 2+ ]j changes in response to ionophore in the control mice since the denominator of the calibration formula (F max -F) is 0 when ionophore is considered as the stimulus. Consequently, when analyzing calcium response to ionophore in infected mice, A[Ca 2+ ]| values were given rather than CRI.
In some experiments, a CRI (%) was also defined as:
where A% = % stim. -% baseline, where '% stim.' is the frequency of cells which, after in vitro stimulation, reach a fluorescence >95% of mean Fluo-3 intensity determined at baseline ( Fig. 1 ) and '% baseline' is the frequency of cells with a fluorescence above the same level but without any in vitro stimulation.
preamplifier stage. Fluo-3 fluorescence was calibrated by determining F max with 10 nM of A23187 calcium ionophore (Molecular probes) and then adding 2 mM of MnCI 2 to obtain the minimum signal (F min ). [Ca 2+ ]j can be calculated from the
Results
In the early stages of MAIDS, baseline [Ca 2 *], increases in T cells subsets but not in B cells
At week 3 post-inoculation, the average baseline [Ca 2+ ]j strongly increased in both CD4 + T cell subsets (Thy-1 + and Thy-1 ) from infected animals and culminated around week 5 (Fig. 2 ). In comparison with their normal counterparts, both Thy-1" (306 ± 51 versus 131 ± 28 nM P < 0.0001) and Thy-1 + (245 ± 42 versus 114 ± 18 nM p = 0.0472) subsets of the infected mice showed an important increase. In the infected mice, the baseline [Ca 2+ ]j was therefore slightly higher in CD4 + Thy-1" than in CD4 + Thy-1 + T cells although this difference was not statistically significant except at week 5 (P = 0.0720). The baseline [Ca 2+ ]j in CD8 + T cells also increased around week 3 but this phenomenon was slower a. . and less pronounced than in CD4 + T cells. For example, at week 5, the baseline [Ca 2+ ]j was 164 ± 35 nM in the CD8 + T cells of infected animals versus 114 ± 23 in controls (P = 0.0152). Interestingly, there was only a minimal increase of the baseline [Ca 2 " 1 "], in Thy-rCD4"CD8-cells from infected animals. We previously demonstrated that, in MAIDS as in normal mice, >90% of these Thy-1~CD4-CD8" cells are B220+ and slgG + when the analysis is gated on viable lymphocytes on the basis of forward and side scatters (unpublished observations). Therefore, Thy-1~CD4~CD8~ cells are considered as B cells in the present report. In comparison with their normal counterparts, the increase of baseline [Ca 2+ ]j in this subset remained insignificant at week 6 (P = 0.3191) and afterwards until week 9 (not shown). Similar results were observed when B cells were analyzed according to their positivity for B220, rather than as Thy-1-CD4"CD8-cells (not shown).
Independently of their membrane Thy-1 phenotype, T cells subsets from infected mice display a major impairment of membrane receptor-dependent calcium responses while B cells are weakly altered
Early after inoculation with RadLV-Rs, calcium responses to Con A and anti-CD3 mAb were strongly inhibited in CD4 +
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and CD8 + T cell subsets, as shown for example by the Fluo-3 versus time gated dot-plots recorded during Con A stimulation at week 5 ( Fig. 3) . In contrast, Thy-rCD4"CD8" cells displayed a conserved response to the lectin, with a kinetics similar to the equivalent subset of non-infected mice ( Fig. 3 ). Thy-rCD4"CD8" cells were totally refractory to stimulation with anti-CD3 mAb in controls and in infected animals confirming the absence of T cells in this subset. Whatever the stimulus, B cell calcium fluxes were identical with either method used for defining this subset (either as Thy-rCD4"CD8-or as B220 + ) (not shown).
The CRI were calculated to compare mitogen-induced [Ca 2+ ]j changes in infected versus control mice. This comparison revealed a strong inhibition for both CD4 + T cell subsets ( Fig. 4) . Moreover, the extent of the inhibition was not influenced by the presence or absence of membrane Thy-1 ( Fig. 4) . At week 2, Con A-and anti-CD3 mAb-induced [Ca 2+ ]j changes in infected mice were <25% of controls. Although a transient rise was often observed for Con Ainduced [Ca 2+ ]| changes around week 4, all responses were strongly inhibited at week 6. CD8 + responses were also strikingly inhibited. Surprisingly, the degree of inhibition was much lower for B cells (CD4~Thy-rCD8~) than for the other subsets. At week 6, when Con A-induced [Ca 2+ ]| changes in T cells subsets were only 20% of control values, B cell responses still represented 80% of the corresponding controls ( Fig. 4 ). Ultimately, a stronger decline was eventually observed but CRI always remained >40% (not shown). The response to anti-IgM antibody was also studied. No response was seen in CD4 + nor CD8 + T cell subsets from control or infected mice while a strong response was observed in the Thy-1" CD4"CD8" subset from control animals (not shown). As previously observed by Selvey et al. (10), a moderate inhibition was observed in the infected mice, however as with Con A stimulation, CRI always remained >0.40 even at late time points (not shown). The frequency of responding cells was also modified as shown by the CRI(%) ( Table 1 ). When this parameter was analyzed, a strong inhibition was similarly observed for both CD4 + subsets. Interestingly, in all experiments, the frequency of responding cells in infected mice was more affected in Thy-1~ than in Thy-1 + T cells (Table 1) . Despite their well conserved mean mitogen-induced A[Ca 2+ ]j, the frequency of B cells (CD4~ Thy-rCD8~ cells) able to respond to Con A was more significantly diminished even at week 1 (i.e. 76% of controls in the experiment shown in Table 1 ). However, beginning at week 5, the degree of inhibition of B cells became less pronounced than what observed with T cell subsets ( Table 1) .
Calcium mobilization in response to ionophores and thapsigargin is strongly inhibited in T cells and is preserved in B cells from infected mice
As shown in Fig. 5 , MAIDS was associated with a strong impairment of ionophore-induced calcium responses in T cells whatever their phenotype (CD4 + Thy-r, CD4 + Thy-1 + , CD8 + ). In contrast, B cells from infected mice conserved their bell-shape response curve as in control mice (Fig. 5 ). While ionophore-induced A[Ca 2+ ]j rapidly declined in CD4 + and CD8 + subsets, falling at week 9 well below 20% of week 1 values (Table 2) , this parameter remained constant or even increased in B cells.
The frequency of responding cells was also affected, values being -20% of controls for all T cell subsets at week 5 (Table  2) . Interestingly, although the frequency of Con A-responding cells was more strongly inhibited in CD4 + Thy-1" T cells from infected mice (Table 1 ), no such difference was observed in response to the ionophore ( Table 2 ). Most B cells (CD4T hy-1"CD8" cells) still responded to ionophore at week 5 post-inoculation (Table 2) . At week 9, however, despite a conserved mean A[Ca 2+ ]j, a significant part of this subset became refractory to ionophore stimulation ( Table 2) .
Similar results were observed with another ionophore (ionomycin) and with another type of receptor-independent stimulus, thapsigargin, an inhibitor of the ATP-dependent calcium pump of the endoplasmic reticulum (15) ( Fig. 6) . B cells, defined as B220 + , showed a strong response to ionomycin, which was only partially inhibited in the infected mice (here at week 9). In contrast, there was virtually no response to ionomycin in T cells (defined as B220") from the same animals (Fig. 6A ). The results were grossly similar to what was observed with A23187. In comparison to ionophores, thapsigargin induced a delayed response in normal T cells as well as B cells (Fig. 6B) . Interestingly, the calcium flux was less intense in B cells than in T cells although most B cells from normal mice clearly responded to the stimulation (Fig. 6B) . In infected mice, T cell responses to thapsigargin were almost abolished (8% responding cells versus 80% in controls) while B cells were less affected (58% responding cells versus 71% in controls) ( Fig. 6B ).
Discussion
This report illustrates important findings regarding to the impairment of signal transduction pathways in MAIDS: (i) as previously described (6), in all T cell subsets from infected mice, [Ca 2+ ]j rapidly increases in basal conditions and fails to respond to receptor-dependent stimuli; (ii) both CD4 + Thy-1~ and CD4 + Thy-1 + T cells of the infected mice present a major impairment of calcium responses, however in terms of frequency of responding cells, the inhibition is more pronounced in CD4 + Thy-1~ T cells; (iii) T cells from infected mice also fail to mobilize Ca 2+ in response to receptor-independent stimuli such as thapsigargin or ionophores A23187 and ionomycin with no difference between CD4 + Thy-1~ and CD4 + Thy-1 + T cells; (iv) in contrast with T cells, B cell responses to receptor-dependent stimuli are only moderately impaired and little inhibition is observed in response to ionophores and thapsigargin.
To our knowledge this is the first report illustrating abolished responses to ionophores or to thapsigargin in MAIDS. In addition, the analysis of the frequency of responding cells suggests that around week 5, a significant fraction of T cells from infected mice, especially CD4 + Thy-1~ cells, still responds to ionophore [CRI(%) = 0.24] but does not mobilize calcium anymore after Con A stimulation [CRI(%) = 0.07]. Proximal steps of receptor-dependent signaling are therefore also likely to be involved. These results therefore suggest that the impairment of calcium responses in the syndrome is due to at least two distinct mechanisms [i.e. proximal: upstream from inositol 1,4,5-triphosphate (IP 3 ) synthesis; and distal : downstream from IP 3 interaction with microsomal membranes].
Ionophores such as A23187 and ionomycin primarily interact with microsomal membranes where they induce an early release of Ca 2+ from the reticulum (16, 17) . In turn, Ca 2+ depletion of these intracellular stores initiates the process of Ca 2+ entry from the extracellular compartment. The mechanisms responsible for this coupling remain unknown although a diffusible factor with suggestive properties has been identified (18, 19) . Thapsigargin also induces a passive depletion of internal stores by inhibiting the ATP-dependent Ca 2+ pump responsible for Ca 2+ uptake by the reticulum (15, 20, 21) . Insufficient increase of [Ca 2+ ]j in response to ionophores has previously been observed by Miller et al. in the lymphocytes from aged mice (22) (23) (24) . It was demonstrated that such a failure to increase [Ca 2+ ]j after incubation with ionophores was not due to diminished membrane permeability to the ionophore itself nor to ionophore-Ca 2+ complexes. In MAIDS, the absence of response to ionophores as well as to thapsigargin also suggests that refractoriness to receptor-independent stimuli is not specific to ionophores and does not involve a reduced permeability nor an abnormal interaction of these reagents with the microsomal membranes.
It seems unlikely that pharmacological agents such as ionomycin and thapsigargin, interacting in a non-reversible fashion with the microsomal membranes, could fail to induce Ca 2+ depletion of the internal stores in T cells from infected mice. An up-regulated activity of the endoplasmic reticulum Ca 2+ -ATPase, possibly related to protein kinase C (PKC) activation (25) (26) (27) could nevertheless prevent depletion of Ca 2+ stores. However, the latter hypothesis is highly improbable since thapsigargin, an inhibitor of this ATP-dependent calcium pump, did not induce a response. Furthermore, preincubation with this thapsigargin did not render T cells responsive to subsequent stimulation with ionomycin (not shown). Recently, two patients with primary immunodeficiency were found with impaired responses to ionophores and thapsigargin (28, 29) . Using video imaging the authors demonstrated that ionophores and thapsigargin induced a normal release from internal stores (28, 29) .
If Ca 2+ depletion of the internal stores takes place normally in MAIDS, the defect leading to the absence of Ca 2+ influx must therefore be associated with the sequence of events linking this depletion to the opening of the channels present in the plasma membrane. In their study on aged mice, which also present blunted responses to ionophores, Miller et al.
proposed that an up-regulation of calcium extruding pumps could be involved (23) . Such a mechanism is unlikely to occur in MAIDS. First, contrary to what was observed by Miller in his model (22, 23) , T cells from RadLV-Rs-infected mice are characterized by an increased baseline level of Ca 2+ . This is not in favor of a constitutively up-regulated activity of calcium extruding pumps. Furthermore, in Miller's study, ionomycin induced a rise of [Ca 2+ ]j with a similar kinetics in young and old mice. In old mice, however, [Ca 2+ ]| reached a plateau at a lower level than in young animals (23) . This suggests that the up-regulation of calcium extruding pumps documented by the authors cannot prevent the early Ca 2+ flux but rather down-modulates the concentration rise resulting from this entry. This is quite different from what is observed in MAIDS where virtually no response is visible in T cells from infected mice.
The membrane Ca 2+ channels activated by Ca 2+ depletion from the internal stores also termed as CRAC channels (Ca 2+ release activated Ca 2+ channels) (for review see 30) are clearly a plausible target for the inhibitory processes involved in MAIDS. First, these channels are inhibited by high intracellular Ca 2+ levels (31) such as those reached by some T cells from infected mice in baseline conditions. Furthermore, activation of PKC has recently been shown to inhibit thapsigargin-triggered elevation in Ca 2+ (27) . Although without formal proof, the authors proposed that phosphorylation could directly inhibit the CRAC channels. It is therefore possible that chronic activation associated with MAIDS could be associated with PKC activation and phosphorylation of key structures involved in store-regulated Ca 2+ influx. In MAIDS, Selvey et al. recently described an inhibition of B cell Ca 2+ fluxes in response to IgM cross-linking (10) . We view no discrepancy with our own results, since the study of Selvey et al. was conducted later in the infection (after week 8). Furthermore, although the authors did not compare B cells to T cells in terms of Ca 2+ responses, the degree of inhibition of B cells (in response to anti-IgM mAb) was moderate compared to that described for T cells at the same stage of the infection. The different susceptibility of T cells and B cells from infected mice to the inhibitory processes which affect Ca 2+ fluxes remains to be discussed. Clearly, the impact of viral infection on the signaling structures could be fundamentally different in each lymphocyte subset since the defective virus responsible for MAIDS mostly infects B cells and not T cells. It could therefore be proposed that T cell abnormalities observed in our study (i.e. impairment of responses to ionophores and thapsigargin by inhibition of CRAC channels) are not directly due to the defective virus but mostly result from interactions with infected B cells or with soluble factors released by the latter. Alternately, the relative resistance of B cells to these inhibitory processes could also be related to a distinct physiology of store-regulated Ca 2+ fluxes in this subset. Our own results show that B cells from normal mice respond differently to ionophores and thapsigargin than T cells from the same animals. The response of B cells to ionophores is bell-shaped while a sustained plateau is observed in T cells (Fig. 5A) . Furthermore, the [Ca 2+ ]j level reached after thapsigargin stimulation in normal mice is lower for B cells than for T cells. Ca 2+ influx which develops in T cells in response to store depletion is mostly electrogenic (i.e. it needs membrane hyperpolarization to provide the electrical driving force for Ca 2+ entry) (17) . In this respect, Ca 2+ -activated K + channels play a major role in T cells in maintaining membrane hyperpolarization after the initiation of Ca 2+ entry (32, 33) . Accordingly, inhibition of these K + chan-B CD4 + Thy-rCD8 - nels has been proposed to be responsible for the negative effect of PKC activators on thapsigargin-induced Ca 2+ channels fluxes in T cells (27) . On the contrary, ionomycin can induce Ca 2+ fluxes in B cells together with membrane depolarization (33) . The inhibitory processes associated with MAIDS could be responsible for a specific impairment of electrogenic CRAC-dependent Ca 2+ fluxes (i.e. by interfering with K + channels) in T cells and have less impact on B cells where these fluxes can be non-electrogenic (33) .
MAIDS is associated with a striking expansion of a CD4 + T cell subset lacking membrane expression of Thy-1 (7, 8) which is likely to originate from CD4 + Thy-1 + T cells (8) . Thy-1 is closely associated to PTKs such as p59^" (34); furthermore, p59^n has recently been shown to regulate anti-CD3-induced calcium flux by a mechanism distinct from phosphatidylinositol biphosphate hydrolysis (35) . Interestingly, it has been proposed that unlike inositol phosphatedependent calcium fluxes, p59' y " induces an electrogenic Ca 2+ flux, possibly via a phosphorylation of potassium channels (35) . It was therefore reasonable to postulate that CD4 + Thy-1~ T cells could selectively present an impairment of electrogenic calcium fluxes in response to receptordependent stimuli and ionophores, at least in the early stage of the infection. Although the frequency of Con A-responding cells was more severely impaired within CD4 + Thy-1~ T cells, calcium responses were also strongly altered in CD4 + Thy-1 + cells, suggesting that the loss of Thy-1 expression could be associated with Ca 2+ mobilization refractoriness but was not directly responsible for it.
At the minimum, our results suggest that the signals responsible for anergy and following retroviral infection have a different impact on T cells and B cells. Although the exact mechanism remains unclear, we favor a hypothesis in which T cells rapidly develop abnormalities of electrogenic CRACdependent Ca 2+ fluxes after interaction with infected B cells. B cells could be intrinsically more resistant to such processes possibly because of partially distinct mechanisms coupling store depletion to Ca 2+ entry from the extracellular space. Therefore, functional inhibition of B cells could be due to different mechanisms and possibly related to intracellular infection. Early in the disease, only a small fraction of B cells are infected thereby explaining the overall normal calcium responses of the B cell subset. At later time points, oligoclonal expansion of the infected B cell population is responsible for the appearance of global B cells defects. Failure of B cells to proliferate in response to phorbol esters plus calcium ionophore (10) while ionophore-induced calcium fluxes are conserved could suggest that a more distal step of the cell cycle is impaired by intracellular infection. Although MAIDS is clearly distinct from human AIDS, it remains attractive as a model for ubiquitous defects of TCR-dependent and TCRindependent signaling pathways such as described in HIV infection, cancer immunity and autoimmunity. Abnormalities of T cell calcium fluxes have been described in other immunodeficiency syndromes, including HIV infection. Staal et al. demonstrated that altering the intracellular redox balance by decreasing glutathione levels could abrogate the stimulation of calcium influx by TCR triggering (36) . Interestingly, the authors also showed that, in contrast with calcium responses, glutathione depletion could promote responses involving the induction of transcription factors such as NF-KB and AP-1. They proposed that this mechanism could be responsible for the abnormal function of T cells in HIV infection where decreased intracellular glutathione levels have been observed (37) . To our knowledge the intracellular redox balance has never been carefully studied in MAIDS. However, increasing dietary vitamin E (an antioxidant molecule) has been shown to-delay the development of splenomegaly, restore the secretion of IL-2 and inhibit the secretion of tumor necrosis factor-a and IL-6 in the infected animals (38) . This suggests that ubiquitous factors such as an altered intracellular redox balance could be responsible for the impaired TCR signaling observed in MAIDS as well as in HIV infection. 
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